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ABSTRACT 

We discuss the serendipitous discovery of an extremely metal poor galaxy, SDSS 0809+1729, clas- 
sified as a star in the Sloan Digital Sky Survey (SDSS). The galaxy has a redshift z = 0.0441 and 
a B-band absolute magnitude Mb = -17.1. With a metallicity of log(0/II) + 12~ 7.44 or ~ 1/20 
solar, this galaxy is among the 10 most metal poor emission-line galaxies known. SDSS 0809+1729 is 
a blue compact galaxy (BCG) with a stellar age of ^ 4.5 Myr, a star formation rate of 0.18 Moyr"^, 
and a large gas-phase electron density (~ 367 cm~'^). Similar values of these parameters are common 
among other extremely metal poor galaxies, including I Zw 18. SDSS 0809+1729 is, however, unusual 
among BCGs because it lies in the same region of the luminosity-metallicity diagram as the two low- 
est metallicity long duration gamma ray burst (GRB) hosts. For a given S-band luminosity, both 
nearby GRB hosts and SDSS 0809+1729 have systematically lower metallicities than dwarf irregulars, 
the majority of BCGs, and normal star-forming galaxies. Because the star formation properties of 
SDSS 0809+1729 are similar to nearby long duration GRB hosts, SDSS 0809+1729 may be a poten- 
tial GRB host. Identification of larger samples of similar extremely metal poor objects may provide 
important insights into the conditions required to produce long duration GRBs. 
Subject headings: galaxies:starburst-galaxies:abundances-galaxies:fundamental parame- 
ters: galaxies : dwarf 



1. INTRODUCTION 

Extremely metal poor local galaxies are key to un- 
derstanding star formation and enrichment in a nearly 
pristine interstellar medium (ISM). Metal poor galax- 
ies provide important constraints on the pre-enrichment 
of the ISM by previous episodes of star formation. 
Evolutionary scenarios proposed to explain the low 
metalli cities include metal loss from supernova-d riven 
winds (|Ferra,ra fc Tolstovll200nl: iH .ecchi et a,].l l200l. di- 
lution of the ISM rnetallic ity by infall of unenriched gas 
lIKoDPen fc Hensleill200l . or a star formation history 
dominated by short burst s of star formation sep arated 
by long quiescent periods l|Searle fc Sargentlll972D . The 
latter scenario is currently favored fsee lKunth fc OstlinI 
[2000. for a review) , but all of these mechanisms probably 
play some role. 

Intriguingly, metal poor galaxies h ave recently 
been linked to long duration GRBs llStanek et all 
[2006tlm irfc Podsiadlowskill200fil: iFVuchter et alJl20flfiD . 
ISoUerma n et al.l 1 )20051) compared the host galaxy prop- 
erties of three nearby GRBs with the properties of local 
BCGs. They found that the luminosity and star forma- 
tion rates of the GRB ho s ts are similar to those of lo- 
cal BCGs. iFruchter et alJ l|200fifl demonstrate that long 
duration GRBs are concentrated in the highest surface 
brightness regions of their extremely blue hosts. 



iStanek et alJ 1)20061) show that five nearby GRB hosts 
have lower metallicities than normal star-forming galax- 
ies of similar luminosity. Because the GRB energy re- 
leased decreases steeply with increasing host metallic- 
ity, Stanek et al. propose an upper metallicity limit for 
cosmological GRBs of ~ 0.15 Z©. Strong Lyman-a de- 
tections in GRB hosts at z > 2 also support low host 
metallicities l)Fvnbo et al.ll200.lD . 

Extremely metal poor galaxies (XMPGs) are rare. 
Fewer than 1% of dwarf galaxies have extremely 
low metallicities, defined as log(0/H) + 12< 7.65 
lIKunth OsthnI 1200(1 IKniazev et all WM\ . XMPGs, 
however, are much more common than known GRB 
hosts. Thus a larger sample of XMPGs is one route to 
understanding the environment required for the forma- 
tion of the long duration GRBs. Most of the known 
XMPGs are gas-ri ch BCGs with spectra dominated by 
emission lines fe.g..lKunth fc Sargentlll98,1l:lThuan et alJ 
11995') . Emission-lines provide an estimate of the gas- 
phase metaUicity from the [O III] A4363 doublet. This 
line is particularly sensitive to the electron temperature 
of the gas and is strong in metal poor galaxies where 
H II region cooling is minimal. 

Many investigators have searched for XMPGs with 
varying degrees of success. For more than three decades, 
the famous galaxy I Zw 18 was the most metal poor 
galax y known, with a meta llicity of 1ok( 0/H) + 12^ 
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7.17 (iSearle fc SargentI I1972D . Recently, llz otov et all 
l|2005ll showed that the galaxy SBS 0335-052W has 
an even lower oxygen abundance of log(0/II) + 12^ 
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7.12. Searches of SPSS spectra based on em i ssion- 
lines iTzntovet a].l l2nnl fKniazev et a,lJ l2nM HHHl 
iPaoaderos et al.ir2006at llzotov et al.ll2006a|) have uncov- 
ered few XMPGs, in agreement with previous searches 
of emission-Une ga laxies (e.g., Te rlevich et al.l 119911: 
iMasegosa et all 11994: .van Ze e 2000) . Surveys that se- 
lect on the equivalent width of strong lines such as 
[O II] appear to be m ore efficient at finding XMPGs 
ijUgrvumov et alJ I2003D . but the number of known 
XMPGs remains small. 

Here we report the serendipitous discovery of a new, 
very blue XMPG, SDSS 0809-^1729. This galaxy is at a 
redshift z — 0.0441 and has a metaUicity of log(0/H) -|- 
12- 7.44. This metaUicity places SDSS 0809+1729 
among the 10 lowest metaUicity emission-line galaxies 
known to date. 

We describe the observations and derived quantities in 
§ HJ We compare the properties of our galaxy with those 
of other XMPGs in § El We show that XMPGs and 
GRB hosts share similar spectral properties in § 0] We 
discuss our results and conclusions in § |S1 Throughout 
this paper, we adopt the flat A-dominated cosmology as 
meas ured bv the WMAP experiment [h = 0.72, fim = 
0.29: ISDergel et al.ll20(il 'l. 

2. OBSERVATIONS AND DERIVED QUANTITIES 

We discovered the low metaUicity galaxy, 
SDSS 0809-H72 9, in the hypervelocity star survey 
of iBrown et all (|2D06', hereafter B06). B06 selected 
candidate B-stars using SDSS (vl — g')o, {g' — r')o, and 
(r' - i')Q colors. SDSS 0809+1729 is classified as a 
star in the SDSS, but spectroscopy shows that it is a 
BCG with (u' - g')o = 0.287, {g' - r')o = -0.416, and 
(r' — i')n = — 0.058 (colors have been dereddened using 
ISchlegel et al] ri998^. This dwarf galaxy is at a redshift 
z = 0.0441 and has an absolute magnitude Mb — —17.1. 
SDSS 0809+1729 has an observed {B - R)o = -0.25 
and a rest frame {B — R)q = —0.27, placing it in the 
bl ue tail of a large samp le of nearby BCGs (see Figure 
4. IGil de Paz et alJl20(B . 

We observed SDSS 0809+1729 on the Blue Channel 
spectrograph at the 6.5m MMT telescope. In photomet- 
ric conditions, we obtained a high resolution spectrum 
with the 832 lines mm~^ grating in second order, re- 
sulting in wavelength coverage of 3650A to 4500A at a 
spectral resolution of 1.2A. In non-photometric condi- 
tions, we obtained a lower resolution spectrum with the 
300 lines mm~^ grating, resulting in broader wavelength 
coverage (3400A to 86OOA) at a resolution of 6.2 A. Fig- 
ure ^ shows both the high and low resolution spectra. 

We reduced the spectra using standard IRAF^ spec- 
tral reduction tasks and flux calibrated the spectra using 
spectrophotomctric standards. Flux calibration is accu- 
rate to ~10%. We obtain relative flux calibration for the 
non-photometric low resolution spectrum. We fit the op- 
tical emission-lines with gaussians using the splot task in 
IRAF. The observed line fluxes and statistical errors are 
given in Tabled For the following analysis, we corrected 
the emission line fluxes for reddening using the Balmer 

^ IRAF is distributed by the National Optical Astronomy Ob- 
servatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 



decrement and the lCardelH et all l|1989() (CCM) redden- 
ing curve. We assumed an Ry = Av/E(B— V) = 3.1 
and an intrinsic Ha/H/3 ratio of 2.85 (the Balmer decre- 
ment for case B recombination at T= 10''K and rig ^ 
10^ - lO^'cm-^; Osterbrock 1989). 

The Balmer decrement of SDSS 0809+1729 is 2.76, 
consistent with zero extinction, assuming an intrinsic 
Ha/H/3 ratio of 2.86 (the Balmer decrement for case B 
recombination at T= lO'^K and ~ 10^ — 10^ cm~^; 
'Osterbrock 1989). 

Wc used the [S II] A6717/ [S II] A6731 fine ratio in 
conjunction with a 5 level model atom using the Map- 
pings photoionization code (|Sutherland fc DoDitalll99.^ 
to calculate an electron density of Ue = 367 cm~'^ in 
the S+ zone. The [O II] A3726/[0 II] A3729 ratio gives 
nc = 195 cm^"^ in the 0+ zone. 

We derive the gas-phase oxygen abundance fo llowing 
the procedure outhned in llzotov et al.l l)2006b() . This 
procedu re util i zes th e electron-temperature (Te) calibra- 
tions of "Aller (1984) and the atomic data compiled by 
IStas iiiska (2005). Abundances are determined within 
the framework o f the classical two-zone Hll-region model 
(|Stasinskalll98nl) . The ratio of the auroral [O III] A4363 
and [O III] AA4959, 5007 emission-lines give an electron 
temperature in the 0++ zone of To = 19 x lO''^ K assum- 
ing an electron density of 195 cm^"^. These electron tem- 
peratures are insensitive to small variations in electron 
density; we obtain the same To with an electron den- 
sity of 367 cm"'^. The electron temperature of the 0+ 
zone is calculated assuming To(0+) = 0.7To(O++) + 0.3 
(Stasinska 1980). We calculate the metaUicity in the O"*" 
and zones assuming 

0/H = 0+/H+ + 0++/H+ (1) 

The resuUing metaUicity for SDSS 0809+1729 is 
log(0/H) + 12- 7.44. The uncertainty in the absolute 
0/H metaUicity determination is 0.1 dex. This in- 
trinsic uncertainty is the dominant error in our metal- 
licity determination, and includes errors in the use of 
simplifled H II region models and possible problems with 
electr on temperature fluctuations (Pagcl & Tautvaisien^ 
11997(1 . Fortunately, these errors affect all To-based meth- 
ods in a similar way and the error in relative metallicities 
derived using the same method is likely to be << 0.1 dex. 

We use the To-based metallicities to facilitate com- 
parisons with metal poor galaxies in the literature. We 
also provide metaUicity measure ments using the theoret- 
ical strong-line diagnostics from iKewlev fc Dopit al J20Q3l 
; hereafter KD02), updated in iKobulnickv fc Kcwle^ 
(|2004() . The KD02 method is based on the [N II] /[O II] 
ratio for high metallicities (log(0/H) + 12> 8.4), and 
the ([O II] + [0 III])/H/3 (R23) diagnostic for low metal- 
licities (log(0/H) + 12< 8.4). The majority of galaxies 
analysed in this paper have low metallicities (as indi- 
cated by their [N 11] /\0 I I] or \N II] /H a ratios) and 
we use the Kobulnickv fc KewlevI l|2004|) re-calibration 
of the KD02 R23 diagnostic. The absolute error in the 
strong- line metallicities is ~ 0.15 dex. There is a well- 
known discrepancy of ~0.4 dex between metallicities cal- 
culated using theoretical strong-Une diagnostics and di- 
agnostics based on electron-temperature measurements . 
The cause of this offset is unknown (see iGarnett et alJ 
[2004b..a: ,Stasihska 2005. for a discussion) . Until this dis- 
crepancy is resolved, absolute metallicities derived using 
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Fig. 1.— MMT spectrum of SDSS 0809+1729 obtained with the 300 lines mm-l grating. SDSS 0809+1729 has a blue continuum and 
high Ha and [O III] equivalent widths, indicating extremely low metallicity. The inset shows the MMT spectrum obtained with the 832 
line mm~^ grating. [Oil] is resolved and the higher order Balmer lines are prominent in the inset spectrum. 



any method should be treated with caution. Fortunately, 
the difference between the strong-line and Te diagnostics 
is systematic. Therefore the error in relative metallicities 
derived using the same method, regardless of the method, 
is << 0.1 dex (EUison & Kewlev 2005; Kcwlcv & EUison 
12006ft . We therefore use metallicities based on the Tc- 
method, or converted into the Te method only for rela- 
tive comparisons between galaxies. 

The ionization parameter of a gas g is a measure of 
the level of ionization that a radiation field can drive 
through a nebula. The ionization parameter is defined 
as the number of hydrogen ionizing photons passing 
through a unit area per second per unit hydrogen num- 
ber density. We calculate the ionization parameter using 
the it erative prescription outlined in Kcwlcv & Dopit£t 
l)2002|) . The ionization parameter for SDSS 0809+1729 
isq = 1.5 X 10^ cm s~^, a value that is extre mely high rel- 
ative to normal star-forming galaxies (e.g. iDopita et al.l 
l2006j) . Such a high ionization parameter indicates that 
the stellar EUV radiation field and the electron tempera- 
ture in SDSS 0809+1729 are stronger than in most star- 
forming galaxies. In Section we investigate the star 
formation properties of SDSS 0809+1729 in more detail. 

3. COMPARISON WITH OTHER EXTREMELY LOW 
METALLICITY GALAXIES 

We compare the spectral properties of 
SDSS 0809+1729 with those of other XMPGs for 
which both (1) Tc-based metallicities are available, and 
(2) Ha photometry or global spectra are available. 

Because SDSS 0809+1729 is stellar in appearance, our 
spectra provide global estimates of galaxy properties. 
We note that the metallicities of the more extended low 
metallicity galaxies in the literature often lack global es- 
timates of metallicity or other parameters. For example, 
the metallicity of 7.17 cited for J0113+0052 ijizotov et all 
l2006a,) was obtained from spectra of an H II region on the 
outskirts of the low surface brightness galaxy UGC 772. 



A global metallicity estimate of UGC 772 may differ from 
the H II region value. Where possible, we compare the 
properties of SDSS 0809+1729 only with other low metal- 
licity galaxies that have global estimates. 

3.1. Stellar Population Age 

The detailed star formation histories of XMPGs 
are difficult to measure; most XMPGs, like 
SDSS 0809+1729, are too far away or too compact 
to resolve into individual stars, even with HST. XMPGs 
remain a puzzle because they may be pristine galaxies 
undergoing their first burst of star formation or they 
may contain an older stellar p opulation from p r evious 
episodes of star formation. Ilzotov Sz ThuanI |1999') 
calculate C/0 and N/0 abundances for a sample of 
54 BCGs. They find very little scatter in the G/0 
and N/0 ratios in BCGs with log(0/H) + 12< 7.6. 
Izotov & Thuan suggest that such low scatter rules out 
time-delayed production of C and primary N and that 
extremely low metallicity BCGs are therefore undergo- 
ing their first burst of star formation. The fraction of 
neutral gas in XMPGs (~ 99% of all baryonic mass) 
gives further e vidence against an old stellar population 
()van Zee et all 119981 iPustilnik et"al] I2001D . On the 
other hand, metal-poor galaxies may have extremely 
faint old stellar populations if their previous episodes 
of star fo rmation occurred at very low star formation 
rates (Le grand et alJl200Cl() . HST images of the near- 
est XMPGs provide some evidence for this picture. 
Color-magnitude diagrams derived from these images 
provide, for exam ple, ages for I Z w 18 which range 
from^ ^ 500 Mvr i|Izotov fc ThuanI l200l to ~ 1 Gyr 
ijAloisi et al . 1999); the stellar age from similar data 
for the metal poo r BCG SBS 1415+437 is - 1.3 Gyr 
l|Aloisi et al.ll2005l) . 

Although we cannot estimate the age of an old stellar 
population (if any) in SDSS 0809+1729, stellar popu- 
lation synthesis models provide an estimate of the age 
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of the young stellar population given a metallicity, ini- 
tial mass function (IMF), and star formation history pre- 
scription. The Balmer line equivalent widths (EWs) are 
strongly correlated with the age of the stellar populatio n 
ijSchaerer fc Va cca '1998': 'G onzalez Delgado et aUlToOflf ^. 
Assuming a Salpeter IMF and an instantaneous burst of 
star formation, the H/3 equivalent width of 88.25A corre- 
sponds to a stellar age of ~ 4.5 Myr usin g the Z = 0.00 1 
(log(0/H)-Hl2~ 7.6) models ofgchacrcr fc Vaccal iITqqI . 

An age of 4.5 Myr corresponds to the end of the Wolf- 
Rayct phase for a metallicity of Z = 0.001. Figured] 
shows the spectrum of SDSS 0809-1-1729 between 4500jC 
4800A with the positions of expected Wolf-Rayet features 
marked. The HcII A4686 line is clearly detected in the 
spectrum, but the carbon and nitrogen Wolf-Rayet fea- 
tures are absent. These carbon and nitrogen lines typi- 
cally blend to produce the "blue bump" frequently seen 
in galaxies during the Wolf-Rayet phase. 

The lack of prominent Wolf-Rayet features supports 
a stellar age of ~ 4.5 Myr. Narrow Hell emission is 
associated with nebular emission rather than with the 
broader stellar emission from Wolf-Rayet stars. It is 
interesting to note that our log(HeII/H/3) ratio (-1-62) 
exceeds the value for pure nebular e mission according 
to the instantaneous burst models of 'Schaer er fc Vaccal 
((T9981') . We also note that the lack of Wolf-Rayet fea- 
tures does not necessarily indicate that t he Wolf-Rayet 
phase is over. iCrowther fc Hadfieldl l)2006l|l showed that 
theoretical models of Wolf-Rayet stars in extremely low 
metallicity environments produce weaker Wolf-Rayet fea- 
tures by a factor of 3 — 6 than in galaxies at metallicities 
similar to the LMC. 

Other XMPGs have young stellar ages similar to 
SDSS 0809+1729 (Table All of the XMPGs in our 
comparison sample have stellar ages within the narrow 
range of 3-4.5 Myr, according to the z = 0.001 Schaerer 
fc Vacca models. This age range corresponds to the mid- 
dle to end of the Wolf-Rayet phase. 

3.2. Star Formation Rates 

The derivation of star formation rates (SFRs) for 
XMPGs is non-trivial. The commonly used Ha-b ased 
SFR cahbrations such as lHunter fc Gallaghei< l)1986j) and 
IKennicufrl ljl998|) were developed for "normal" dwarf ir- 
regular and spiral galaxies, respectively. These tradi- 
tional calibrations were derived using stellar population 
synthesis models at solar metallicities, and are not ap- 
plicable to metal-po or galaxies where the SFR can vary 
on sho rt timescales. iWeilbacher fc Fritze-v. AlvenslebenI 
1)2001(1 showed that (1) very low metallicity, (2) a time 
delay between the onset of star formation and maximum 
H„-luminosity, and (3) a varying stellar IMF yields SFRs 
differing by factors of 3-100 from results derived with tra- 
d itional calibrations. 

iBicker fc Fritze-v. AlvenslebenI l)2005i hereafter B05) 
use new stellar population synthesis models to calculate 
Ha SFR calibrations as a function of metallicity. They 
show that for galaxies at low metallicities log(0/H)-f 12< 
8.2 (Z=0.004 in B05) the constants that convert L(Ha) 
into SFRs differ substantially from the solar value. B05 
provide calibrations for 5 values of metallicity because 
they restrict the population synthesis models to the spe- 
cific metallicities for which stellar evolution tracks are 
available. The two lowest metallicities of Z = 0.0004 



and 0.004 correspond to log(0/H) + 12= 7.23 and 8.23 
respectively. Because SDSS 0809-1-1729 and most of our 
comparison galaxies have metallicities between these val- 
ues, we fit a polynomial to the inverse of the constants 
in BOG to obtain a calibration for arbitrary metallicity 
values. The Ha calibration is then: 

SFR(Ha)(MQ/yr) = 1 x lO"''^ (-0.0954-h0.0644*Z,„) L(Ha)(crgs/s) 

(2) 

where Zm is the metallicity in units of log(0/H) -I- 12. 

Application of this calibration to the galaxies in Ta- 
ble 13 assumes that XMPGs have similar star forma- 
tion histories. We provide two SFR estimates for each 
galaxy, based on either To-based or KD02 strong-line 
metallicities. The difference between the two metallicity- 
corrected SFR estimates is minimal for the low SFRs 
in XMPGs. For SDSS 0809-M729, we use RS from 
our high resolution spectrum to calculate a rest-frame 
Ha luminosity of 4.07 x 10""^ ergs s~^. If we use 
Ha from our lower resolution spectrum obtained under 
non-photometric conditions, we obtain a similar rest- 
frame Ha luminosity of 4.39 x lO'*'^ ergs s""'^. Apply- 
ing equation El gives an SFR(Ha) of 0.18 Mgyr^^ This 
SFR is large compared to most of the other XMPGs; 
SDSS 0809+1729 has a SFR that is 10 times larger than 
the SFR in I Zw 18. 

4. COMPARISON WITH GRB HOSTS 

XMPGs can be hosts of lon g-durati on GRBs 
(iStanek et alJ2006HFruchter et alJ20 '06). Fru chter et all 
l(200(itl outline some of the physics underlying the connec- 
tion between long duration GRBs and their low metallic- 
ity hosts. They argue that the progenitors of the GRBs 
are stars massive enough to form a black hole surrounded 
by an accretion disk when the core collapses. Massive 
metal-rich stars lose mass in stellar winds and thus may 
not retain enough mass to collapse to black holes. Mas- 
sive metal-poor stars lack the opacity to support a stel- 
lar wind. They lose little mass and, unlike their metal- 
rich counterparts, are not surrounded by extended HII 
regions. The supernova ejecta for metal-poor massive 
stars thus do not sweep up H and He in the surrounding 
wind and can produce the anomalous Type IC super- 
novae associated with some nearby long duration GRBs. 
This plausibility argument motivates further identifica- 
tion and study of larger samples of XMPGs as potential 
long duration GRB hosts. 

In this section we demonstrate that SDSS 0809+1729 
has properties remarkably similar to the hosts of two 
of the long duration GRB hosts, GRB 030329 and 
GRB060218. We include a broader comparison of 
SDSS 0809+1729 with other XMPGs and with known 
long duration GRB hosts. We examine extinction, SFRs, 
and position with respect to luminosity-metallicity rela- 
tions. 

4.1. Extinction 

In Table Owe list the Ha/ H/3 ratios from the litera- 
ture for the five GRB hosts in IStanek et~an p)Ofi,l . The 
spectra of GRB hosts generally suffer very little extinc- 
tion, similar to the spectra of XMPGs. We note how- 
ever that a small fraction of GRB hosts are detected 
in the infrared and sub- mm, indicati ng that some GRB 
hosts contain dust llFrail et al...2002t iTanvir et al.ll2004l: 
iLe Floc'h et"am2fl0ar 



5 



1.10" 



E 80 0-^' 
u 

S. eoo"'^ 

X 
3 



4.10"^ 



Niii cm 

NV CIV Hell 




4500 4550 4600 4650 4700 4750 
Wavelength (Angstroms) 



4800 



Fig. 2. — Spectrum of SDSS 0809+1729 showing the positions of expected Wolf-Rayet features. The N and C Wolf-Rayet features are 
undetected. 



4.2. Star Formation Rates and Star Formation History 

The SFRs in a few of the nearest G RB hosts have 
been constrained from X-ray data l) Watson et al.l 
120041) .from radio and sub-miUimeter measurements 
llBerger et al.ll2003D. an d from optical ijSollerman et al.l 
120051 ICxorosabel et all 1200,'^. and UV o b serva- 
tions dFy nbo ct al. 2003: Christ ensen et al. 200^ 
IJakobsson et al. 2005) . These studies usually yield low 
SFRs that span about two decades from 0.1-10 Mqyt'^. 

We calculate the GRB host SFRs using the Ha lu- 
minosity to facilitate comparisons with the SFR(Ha) of 
the extremely low metallicity galaxies. The GRB hosts 
have low metallicities (log(0/H) -I- 12< 8.0) and thcre- 
for e they are subject to the metallicitv p roblems outlined 
bv iWeilbacher fc Fritze-v. AlvenslebenI l)200lD and B05. 
We therefore apply the B05 SFR calibration parameter- 
ized in equation|21 taking into account the low GRB host 
metallicities. The resulting SFRs are given in Table 13 

The SFR(Ha) for GRB hosts ranges between 0.03-9 
Moyr~^. The majority (4/5) of the GRB hosts have 
SFRs less than 0.2 Mgyr^^ These SFRs are remark- 
ably similar to the SFRs in the extremely low metallic- 
ity galaxies. In particular, SDSS 0809-f 1729 has an SFR 
that is very close to three of the GRB hosts (0.18 M0yr~^ 
c.f. 0.18,0.16, and 0.12 Mgyr"^). 

Sollcrman ct al. ( 2005) found that the luminosity and 
SFRs of the GRB hosts are similar to those of local 
BCGs. Our GRB and low metallicity galaxy SFRs ex- 
tend the SoUerman et al. result to lower metallicity 
galaxies. 

For the two GRB hosts where H/3 EWs are published, 
the age of the young stellar population is 4.5 Myr, and 
9 Myr, indicating populations at the end of the Wolf- 
Rayet phase. Wolf-Rayet features have b een detected 
in some extremely low metallici tv galaxies ijlzotov et al.l 
120011119971 iLeerand et alJll997l). and have re cently been 
detected in GRB hosts ("Hamm er et al.ll2006j) . Although 
we do not see Wolf-Rayet features in SDSS 0809-^1729, 
we derive a population age of 4.5 Myr and conclude that 
the populations is also at or near the end of the Wolf- 
Rayet phase. 



The luminosity-metallicity relation is an important 
tool for investigating the chemical enrichment and mass- 
loss in galaxies. Rubin ct al. ( 1984) provided the 
first evidence that metallicity is correlated with lu- 
minosity in disk galaxies. Larger samples of nearby 
disk galaxies solidified the luminosity-me t allicity relation 
lIBotliun et alJIT98l IWv se fc Silk''l985^. 'SkiUman et aL| 



1989llVila-Costas fc Edm unds 1992; Zaritskv ct al. 19!^ 
Garnetd 120021 iB aldrv ct all 120021: iLamareille et alJ 
20041 ITremonti et al. .2004^) . A strong luminosity- 
metallicity re]Ation_alsoexists^^ (dIrr) 
galaxies (ILeaueux et al.J |1979l ISkillman et alJ ll^^ 



Richer fc McCall 1995; iPilvugi 
Lee et al. 2004, 2006) and BCGs (jCamDOS-Aguilar et alJ 
1993: Shi et al. 2005). The luminosity-metallicity re- 
lation is generally attributed to the more fundamen- 
tal mass-meta llicity relation that ho lds for star-forming 
disk galaxies (|Tremonti et all 120041) . Low mass galax- 
ies have larger neutral gas fractions than more mas- 
sive galaxie s (JvlcG augli fc dc Blok 1997; Bell fc de Jon3 
2000: Bos elH et alJ l200fl) . Selective loss of heavy ele- 
ments from low mass galaxies in supern ova-driven out- 
flows also contribute to the relation ()Garnettl 120021 
ITremonti et"al]l200|) . 

In Figure we show where SDSS 0809-M729 
(large solid circle) lies relative to the luminosity- 
meta l licity relations of normal dirrs (|Richer fc McCar 



Pilvuginl I2OOID (crosses, plusses). BCGs (jKon 



199 

20041 IShi et al^^QQ^ and star-forming galaxies from 
SDSS (Trcmo nti et al.l l2004) (dotte d hue). We show the 
positions of the GRB hosts from iStanek et al.l ()2006D 
(squares) and the lowest metallicity galaxies from Ta- 
ble El (small filled circles) . The properties of the GRB 
hosts are listed in Table El Where the [O III] A4363 
line is available, we have recalculated the metallicities 
for the GRB hosts using the To-method. For cases where 
only a limited range of strong emissio n-lines is available, 
we app ly the metallicity conversions of lKewlev fc EllisonI 
()2006D to place the strong-line (KD02) metallicities on 
the same Tc-based scale. The KD02-Tc conversion is 
valid for KD02 metalhcities 12 -I- log(O/H)KD02 < 8.2 
and is given by: 



4.3. Luminosity- Metallicity Relation 
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12 + ,0g(O/H).,.fli±M2A|W)^ ,3) 

SDSS 0809+1729 lies remarkably close to the two 
lowest metallicity GRB hosts, GRB 060218 and 
GRB 030329. The XMPGs (including SDSS 0809+1729) 
and the GRB hosts lie offset from the dirr and SDSS 
luminosity- metallicity relations; at a fixed luminosity, the 
XMPGs and GRB hosts are more metal poor than dIrr 
or SDSS galaxies. It is not clear whether this offset is 
a metallicity or a luminosity effect (or both). Either 
(1) GRB hosts and XMPGs are less enriched (by 0.2- 
0.4 dex) than dirrs and SDSS galaxies for their lumi- 
nosity, or (2) GRB hosts and XMPGs are over-luminous 
in the B-band (by 2-4 magnitudes) for their metallici- 
ties relative to dIrrs and SDSS galaxies. The S-band 
luminosities of nearby XMPGs include a significant con- 
tribution from emission- lines. However, the contribution 
of emission-lines to the total blue luminosity is 33% for 
SDSS 0809+1729, sufficient to raise the luminosity by 
only ~0.3 magnitudes. Stellar mass estimates derived 
from deep near infrared photometry may help resolve 
this metallicity versus luminosity issue. Nevertheless, 
Figure 121 indicates that studies of GRB hosts should not 
assume that GRB hosts lie along the normal luminosity- 
metallicity relation. 

GRB hosts at higher redshifts also show an offset from 
the normal luminosity-metallicity relation; 5/7 GRB 
hosts at 0.4 < 2: < 1 lie below the mean luminosity- 
metallicity relation for norr nal star forming gala xies at 
0.4 < z < 1 (figure 3 of iSavaglio eTaP I200I . The 
offset at 0.4 < 2 < 1 between GRB hosts and normal 
star-forming galaxies is smaller (0.5 mag in luminosity 
or 0.2 dex in metallicity) than the offset apparent in 
Figure El However, this difference may result from the 
large errors in the metallicit y estimates at 0.4 < z < 1 
l|Kobulnickv fc Kewlevll200^ . 

5. CONCLUSIONS 

We report the serendipitous discovery of an extremely 
metal poor galaxy, SDSS 0809+1729, classified as a stel- 
lar point source in the SDSS catalog. This galaxy has 
a metafiicity of log(0/H) + 12~ 7.44, or ~ 1/20 solar, 
placing it in the group of ten lowest metallicity emission- 
line galaxies. We compare the spectral properties of 
SDSS 0809+1729 with the spectral properties of seven 
known XMPGs, including I Zw 18. We apply stellar 
population synthesis models to derive stellar ages and we 
calculate SFRs, taking into account the effect of metal- 
ficity. The young stellar population in SDSS 0809+1729 
has an age of ~ 4.5 Myr, corresponding to the end 
of the Wolf-Rayet phase. The star formation rate in 
SDSS 0809+1729 (- 0.18 Mgyr-i) is ten times larger 
than the star formation rate in I Zwl8. 

We compare the properties of SDSS 0809+1729 and 
the other XMPGs with the properties of five nearby GRB 
hosts for which spectral data is available. We find that: 

• XMPGs and GRB hosts lie in a similar region of the 
luminosity-metallicity diagram: both types of ob- 
jects are systematically offset from the luminosity- 
metallicity relation defined by dIrrs, normal BCGs, 
and normal star-forming galaxies. For a given lu- 
minosity, XMPGs and GRB hosts are less enriched 



than dIrrs, normal BCGs, and normal star-forming 
galaxies. 

• XMPGs and GRB hosts share similar SFRs and 
extinction levels, strengthening the link between 
GRB hosts and XMPGs. 

• Our new XMPG, SDSS 0809+1729, has nearly 
identical properties as the lowest metallicity GRB 
host, GRB 030329. The To metalficities of the two 
galaxies agree to within 0.1 dex (the estimated 
error in the metallicity diagnostics is ~ 0.1 dex), 
and the SFRs agree to within 0.06 MQyr~^, or 
50%. While electron density measurements are un- 
available for GRB hosts with luminosities similar 
to SDSS 0809+1729, it is interesting that the lu- 
minous host galaxy of GRB 031203 has an electron 
density (and stellar age) very similar to the one we 
measure for SDSS 0809+1729. 

The similarity between XMPGs and long duration 
GRB hosts is remarkable. Our results suggest that 
SDSS 0809+1729 and other XMPGs fike it are poten- 
tial hosts for long duration GRBs. 

Identification and analysis of larger samples of XMPGs 
may provide important insight into the environment 
where long duration GRBs occur. The serendipitous dis- 
covery of an XMPG using SDSS colors suggests that a 
similar color-selection method may be useful for revealing 
new XMPGs. Some of these objects have been missed be- 
cause, like SDSS 0809+1729, they are indistinguishable 
from very blue stars. We will report soon on a more 
extensive survey to identify these objects (Brown et al. 
2006, in prep.). 

We thank the anonymous referee for helpful comments, 
and we thank M. Modjaz, K. Stanek, and D. Sanders 
for useful discussions. L. J. Kewley is supported by a 
Hubble Fellowship. W. R. Brown is supported by a Clay 
Fellowship. This research has made use of NASA's Astro- 
physics Data System Bibliographic Services. We thank 
the Smithsonian Institution for partial support of this 
research. 
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Fig. 3. — B-band absolute magnitude versus gas-phase oxygen abundance for dIrrs (crosses, 'Richer Hz McCaH"1995j) IPilvuginll200U 
plusses,), BCGs (open triangles, Kong 2004; Shi et al. 2005), GRB hosts (open squares, Stanek et al. 2006), and extremely metal poor 
BCGs with Tc-based metallicities and Ha photometry or global spectra available (solid circles). The solid line gives the mean LZ relation 
for dIrrs from Richer & McCall 1 1995) while the dotted line gives the SDSS relation for star-forming galaxies in the SDSS DR4 from Kewley 
& Ellison (2006, in prep). Our newly discovered XMPG, SDSS 0809-1-1729, is shown as a large solid red circle. SDSS 0809-1-1729 Ues in the 
same region of the diagram as the two lowest metallicity GRB hosts. Note that the metallicities used in this figure, including the mean LZ 
relations are either (1) calculated using the Tc-method, or (2) conve rted into To m etallicities using Kewley & Ellison (2006). The Te-based 
metallicities are lower than strong-line metallicity estimates such as lKewlev fc Dopita 1 200^ by ~ 0.4 dex. 
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TABLE 1 
Line intensities for SDSS 
0809+1729 



Ao Ion (A) F(A)/F(H^)=- 



3726 


[Oil] 


0.20± 0.02 


3729 


[Oil] 


0.25± 0.02 


3750 


H12 


0.022± 0.006 


3771 


Hll 


0.033 ± 0.005 


3798 


HIO 


0.066 ± 0.009 


3835 


H9 


0.055 ± 0.008 


3869 


[NcIII] 


0.29± 0.02 


3889 


H8+Hcl 


0.17 ± 0.01 


3967 


[Nelll] 


0.079± 0.007 


3970 


H7 


0.138± 0.009 


4026 


XJ^T 

rlcl 


U.Oio ± U.UOo 


4101 


H5 


0.24± 0.01 


4340 


H7 


0.415 ± 0.009 


4363 


[GUI] 


0.129 ± 0.006 


4686 


Hell 


0.024± 0.006 


4681 


Hfl 


1.00 ± 0.01 


4959 


[Gill] 


1.37± 0.02 


5007 


[OIII] 


4.03± 0.04 


5876 


Hel 


0.105± 0.007 


6563 


Ha 


2.76± 0.03 


6678 


Hel 


0.034± 0.006 


6717 


[SII] 


0.042± 0.007 


6731 


[SII] 


0.038± 0.007 


7065 


Hel 


0.035± 0.006 


7136 


[Arlll] 


0.025± 0.07 



F(H/3)^ 33.0 zb 3.3 

EW(H/3) 88.3 lb 0.8 



^Errors in fluxes relative to H/3 
include poisson statistical errors 
for both F(A) and F(H/3) 

^F{U0) in units of 

1 X 10"-^^ ergs/s/cm^. Error 
includes both statistical errors 
and 10% error in the absolute 
flux calibration. 



TABLE 2 

Comparison between spectral properties of extremely low metallicity galaxies 



ID 


Hubble 


V 


log(0/H)+12 


Mb 


EW(H/3) 


Stellar 


L(Ha) 


SFR (Mo/yr) 


Afe(SII) 


Ha/H/3 




lype 


(km s^*") 


To 


KD02 






Age (_iviyr; 


(ergs s 


Te 


KD02 


(cm ) 




SBS0335-052W' 


dIrr,BCG 


4017 


7.13 


7.5 


-14.6 


109 


4 


5.92 X lO^^s 


0.021 


0.022 


330 


2.74 


I Zw is'' 


BCG 


751 


7.17 


7.6 


-14.0 


104.5 


4 


4.92 X lO^Sg 


0.018 


0.019 


104.7 


2.S9 


SBS0335-052E<= 


BCG 


4057 


7.30 


7.5 


-16. S 


S9-382 


3-4.5 


1.35 X 10*is 


0.51 


0.53 




2.74 


HS0822+3542'= 


BCG 


732 


7.35 


7.6 


-12.2 


292 


3 


9.82 X 1038g 


0.004 


0.004 




2.74 


HS2134+0400'' 


BCG 


5070 


7.44 


7.S 


-14.9 


214 


3 


8.29 X lO^^s 


0.031 


0.033 


236 


3.00 


SDSS 0S09+1729 


BCG 


13232 


7.44 


7.S 


-17.1 


S8.3 


4.5 


4.64 X 10« 


O.IS 


0.19 


367 


2.76 


SBS 1415+437*' 


BCG 


609 


7.60 


7.9 


-14.2 


134,166 


4 


4.59 X lO^Sg 


0.018 


0.019 


60,90 


2.71,2.81 



''References for data'Pustilnik et al.' f2004');'Izotov et al.' f 20051) : IPaoaderos et alJ i2006bl) 

''Reference for data Kone et al. 12002); Gil dc Paz et al. (2003) 

'^References for data Mclnick et al. 1 1992); Hunt et al. (2001); Izotov et al.l l2001D: [Pustilnik et all 120041) ; IPapaderos et alj i2006bH 

''References for data Pustilnik et al. 12006); Gil dc Paz et al. 12003); Ha is not a global measurement 
''References for data Kniazev et al. 12000); Gil dc Paz et al. (2003); Hunter fc Elmegrccni 1.20041) 
'References for data Gil de Paz et al. 12003); Guscva et al. |2003) 

^We calculated L(Ha) usi ng the observe d Ha fluxes from references (a-f); L(Hq) has been converted to rest-frame and corrected L(Ha) for extinction using the 
Balmer Decrement and the lCardelli et alJ 119891) reddening curve. 
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TABLE 3 

Comparison between spectral properties of GRB hosts and SDSS 0809+1729 



ID 


V 


log{0/H)+12 


Mb 


EW(H/3) 


Stellar 


L(Ha) 


SFR (Me) 


NeiSU) 


Ha/H/3 




(km s^-"-) 


Te 


KD02 






Age (Myr) 


(ergs s"-') 


Te 


KD02 


(cm^2) 




GRB 980425=' 


2549 




8.5 


-17.65 






4.14 X lO'*"'' 


0.18 


0.19 




2.45 


GRB 031203'" 


31629 


7.8S 


8.1 


-19.3 


90.72 


4.5 


2.17 X 10*211 


8.81 


9.23 


300 


8.94 


GRB 020903== 


74950 


8. of 


8.3 


-18.8 


36.08 


9 


3.76 X lO*'^' 


0.16 


0.16 




3.26 


GRB 060218<i 


10046 


7.6S 


8.1 


-15.86 






8.17 X lO^Sh 


0.03 


0.03 




3.0 


GRB 030329== 


50516 


7.5s 


8.0 


-16.5 






3.00 X 10*^'^ 


0.12 


0.13 




2.77 


SDSS 0809+1729 


13232 


7.44 


7.8 


-17.1 


88.3 


4.5 


4.64 X 10*0 


0.18 


0.19 


367 


2.76 



^References for data"Sollcrman ct al. 12005') ; "Stanck ct al.'r200q) 

•^Reference for data[Prochaska ct al. (2004); Sollcrman ct al. I 2 00l) : IStanek et al.l i20Q6ll 
■^References for data Stanck ct al. 12006); Bcrsicr ct al. (2006); Hammer et al.l i200&\ ^ 
'^References for data^^tanck ct al. 12006); Modiaz ct al. (200G) ^^^^^^^^^^ ^^^^ 

^References for data lGorosabel et al.l 1200^1 : iSollcrman et alj g200l) : IStanck ct al." f'2006D 
^Metallicity is calculated using the Tg method and the [OIII] 43 63 hnc in Hammer ct^jU 120061) 
^Te metallicity is calculated using the KD02-Te conversion from lKewlev fc Ellisom (i2Q0a) feouationlsl 

^We calculated L(Ha) using the observed Ha fluxes from references (a-f); L(Ha) has been converted to rest-frame and corrected L(Hq) for 
extinction using the Balmer Decrement and the ICardelli et alJ ilflSHD reddening curve. 



